late that deletion of only one weak enhancer will have ripheral blood, spleen, and Peyer's patches) were normal (data not shown). no drastic effects on germline transcription and CSR. Whether the lack of a marked phenotype in the previous deletion experiments is merely due to the redundancy
IgM Expression in B Cells Carrying a Homozygous of the 3Ј enhancers or if it does reflect the very mecha-
Deletion of the hs3b and hs4 Elements nism by which the LCR controls CSR is presently unIgM class BCR expression was estimated by flow cytoclear. In regard to the "neo effect," the inserted neo metric analysis of freshly isolated splenic or Peyer's gene may somehow compete with or isolate germline patch cells by double staining with anti-CD19 and antitranscription promoters from the downstream part of or anti-B220 and anti-antisera. In both organs, althe LCR.
though not drastic, surface IgM expression in the CD19 ϩ We therefore undertook gene targeting experiments or B220 ϩ populations was reproducibly decreased when where the 3Ј part of the LCR encompassing hs3b and ⌬/⌬ mutant cells were compared to wt (Figure 2 ). hs4 was either replaced with a neo gene or deleted by the Cre/loxP system. In this study, we focus on the effect Hs3b and hs4 Deletion May Affect Gene of the joint deletion on class switching, in order to assess Expression in Resting B Cells the hypothesis that the 3Ј part of the LCR and the distal The question of whether such a decrease in surface enhancers hs3b and hs4 may indeed influence germline IgM expression reflects a decrease in the corresponding transcription of IgH constant genes and class switch transcript was approached by Northern blot analysis. recombination.
Total RNA from unstimulated splenocytes or after stimulation with LPS plus or minus cytokines (IL4 or IFN␥) Results was hybridized with either a probe specific for the membrane exons, a probe specific for C1-3 exons, or Replacement and Deletion of the hs3b and hs4 a C probe. Although amounts of transcripts were Enhancers within the 3 IgH LCR in ES Cells roughly equivalent, both the membrane and secreted and Generation of Mutant Animals forms of transcripts from unstimulated mutant spleno-A gene-targeting vector was constructed in order to cytes were clearly decreased when compared to the replace a 6 kb SspI-HindIII genomic fragment encomwild-type ( Figure 3 ). However, LPS stimulation appeared passing hs3b and hs4 with a loxP2/neomycin resistance to restore full expression. gene cassette. The neo gene was driven by a tk promoter Altogether, these results suggest that deletion of hs3b and flanked by two loxP sites. This construct allowed and hs4 may affect gene expression in unstimulated the growth of E14 ES cell clones through the positive-B cells and that 3Ј elements somehow interact with E negative selection technique (Mansour et al., 1988) .
to regulate gene expression. They also suggest that, Southern blotting and hybridization with two flanking although more decreased in unstimulated B cells, probes located outside of the construct allowed the gene transcription is still LPS inducible and can selection of 3 out of 700 clones, which gave hybridizing achieve a relatively normal level upon activation. fragments of the size expected for the "Nhs3b4" mutation (N), i.e., replacement of hs3b and hs4 with the neo gene (Figure 1 ; data not shown).
Immunoglobulin Isotype Production in B Cells Carrying a Homozygous Replacement or a Two independent heterozygous Nhs3b4 mutant ES clones were injected into C57/B6 blastocysts, which Homozygous Deletion of the hs3b and hs4 Elements Previous knockouts of upstream elements in the LCR were implanted into foster mothers to derive somatic chimeras. Chimeras were bred either with wild-type aniaffected CSR, but only when hs3a or hs1,2 were replaced with a neo cassette (Cogné et al., 1994; Manis mals to obtain heterozygous F1 mice carrying either the heterozygous Nhs3b4 (wt/N) mutation, or with EIIa-cre et al., 1998). To determine whether replacement or deletion of hs3b/hs4 affects CSR, immunoglobulin productransgenic 129sv mice (Lakso et al., 1996) Although similar, deficiencies also appeared to be lated cells was roughly normal in ⌬/⌬ mutant mice (Figure 5 ). more severe in N/N than in ⌬/⌬ animals when immunoglobulin production was evaluated in vivo. Serum levels were strongly reduced in both N/N and ⌬/⌬ animals for Deletion of hs3b and hs4 Affects Expression of ClassIgG2a (15-fold and 4-fold reduction, respectively), IgG2b
Switched Transcripts in Stimulated Splenocytes (5-fold and 10-fold reduction), IgG3 (50-fold and 10-fold),
We then checked if a decrease of class-switched tranand IgE (at least 300-fold, i.e., down to undetectable scripts parallels that of surface Ig expression. Northern levels, and 4-fold, respectively) ( Figure 4B ). In addition blot allowed the assaying of transcription of IgH conand only in the N/N mutants, significant reduction was stant region genes in splenic B cells. Total RNA from observed for serum levels of IgA and IgG1 (15-fold) and appropriately stimulated splenocytes was hybridized eieven IgM (4-fold).
ther to a C␥2b probe that cross-hybridized with all the C␥ genes or with a ␥1 membrane form mRNA-specific probe (Figure 3) . A drastic depletion of ␥ transcripts was Differential Effect of hs3b/hs4 Deletion on CSR as Estimated by Flow Cytometry found in LPS-stimulated splenocytes from N/N and ⌬/⌬ mice ( Figure 3) . In other conditions, only a partial blockTo determine whether decreased secretion of certain isotypes by stimulated splenocytes resulted from deade was observed: for membrane form ␥1 transcription stimulated by LPS plus IL4, the decrease paralleled that creased frequency of CSR or only from decreased expression of class-switched genes, we wished to apfound by FACS analysis of IgG1 surface expression (Figure 5 The most likely explanation is that the hs3b4 mutation hybridomas, further confirmed that CSR to ␥1 was somehow independent from these enhancers ( Hill, NJ) . In total, six independent culture transcripts was done in either 32 cycles with hybridization at 50Њ experiments were performed, employing a total of eight wt mice, for ␤-actin, 32 cycles with hybridization at 55ЊC for , ␥1, ␥2b, and and six N/Nhs3b4 and six ⌬/⌬hs3b4 mutant animals.
␥3 transcripts, 32 cycles with hybridization at 59ЊC for ␣ transcripts, or 39 cycles with hybridization at 59ЊC for ⑀ transcripts. 
